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DATE:  jbiiwt/<n£ 


DEPARTMENT  OF  THE  ARK? 
Fort  Datrick 
Fradarick,  Maryland 


S&BLTAl’IEGuS  K2ASU3IXENTS  OF  CZCKE  CONTENT  07  AIR  NEAR  THE 'EARTH 
AT  SEVERAL  STATIONS  IX  KEANS  07  AS  DOLE  ABSOLUTS  HZTSQD 


/Following  is  s  translation  of  an  address  presented 
by  Alfred  She art  to  a  convention  of  tbs  J3GU  in 
Brussels  on  30  August  195'  •  Tbs  address  can  puiiliahod 
In  tie  Gersan  language  in  tbs  periodical  Journal  of  * 
Atr.aauh.qrlc  and, Terrestrial  Physics ,19527  Voi  *  pages 
■o9-l95,  Psrganon  Tress  Ltd,  London^/ 


1.  Abe tract 

Tbs  local  osons  concentration  of  ataoepheric  air  has  been 
uecaurcd  over  a  psrlod  at  a* viral  stations  by  aeaas  of  a  chemical 
nntbed  uhleb  is  a in pi •  In  operation.  Several  characteristic  series 
of  results  are  gives,  dearly  illustrating  the  destruotlon  of  osoae 
in  the  ground  layer  aad  the  deal sating  influence  of  the  oxobaago  ■ 
of  air  with  higher  layers.  The  nethod  of  aeaaureaeat  la  briefly 
deaeribed. 

2.  godv  SL  ja&Elti 

Today,  cbeaical  aethods  are  superior  to  optical  attbods  for 
oocnuriaj  tbo  local  osons  concentration  la  tbs  ataosphire.  Our 
aotbod  described  below  is  particularly  staple  la  operation  because 
tbe  inconvenient  use  of  standard  aolutloas  la  replaced  by  seanere- 
aenta  of  ourrente  aad  tbeir  duration  of  ooaaeettoa  aad  also  because 
sufficient  aoeuraoy  can  be  obtained  with  very  seal)  eaouata  of  air. 
These  features  enable  rapid  operation.  Operation  of  tbe  device* 
require*  ao  opeelal  experleaoe  ia  c heals try  or  special  skills. 
Further* are ,  tbe  result  oeataine  only  easily  controlled  standard 
quantities  ee  that,  even  when  using  different  apparatuses,  absolute 
values  capable  of  laaedlate  comparison  are  obtained. 

Tbe  ebsve  described  features  of  our  eethod  encouraged  us  to 
equip  several  stations  with  these  devices  as  a  aeaa s  of  aonltorlag 
onone  near  tbe  surface  of  the  earth  ever  n  wide  geographical  area. 


Illustration  1  shows  ths  locations  of  the  monitoring  stations. 

Ar«s&,  where  Mr  Got  as  sad  Mr  Vols  carried  out  the  meeeureaents , 
was  the  highest  station  at  1900  meters.  Mr  Daubert  of  the 
WUrtteaberj-Eoheazollern  Weather  Service  performed  the  aeasuro- 
aents  at  TUbiagcn.  In  Freiburg  Mr  Person  (Baldenweger  nof)  did 
the  aeaaureaents.  he  is  a  member  of  the  Siidbaden  Weather  Service. 

Hr  Busse,  of  the  s&ac  weather  service,  took  cere  of  the  stations 
in  St.  Blasien  and  Staufen  la  the  31ack  Forest.  At  Bad  Tolz,  Hr 
Ungeheuer  of  the  Clicatologieal  Station  of  the  Weather  Service  of; 
the  US  Zone  of  Occupation  carried  out  the  aeasureaeats. 

The  eacaet  meteorological  data  obtained  will  be  made  public 
elsewhere.  Here  only  several  characteristic  casss  froa  this  mater¬ 
ial  will  be  discussed.  X  express  ay  thanks  to  ths  several  gentle-  . 
aaa  involved  in  asking  the  aeasureaeats  for  ths  data  they  have 
aads  available  to  as.  The  actual  values  froa  Arose  have  besn  re¬ 
computed  to  the  air  pressure  of  the  other  stations  with  a  aean 
factor  for  purposes  of  comparison. 

First  we  see  in  Illustration  2  a  oyclonic  distribution 
with  gusty  winds  froa  the  west.  In  Arosa,  the  ozone  values  are 
20%  higher.  The  winds  abated  on  28  April  1990  end  the  ozone  con¬ 
test  dropped  in  Ttfbingen.  She  measuring  station  there  is  located 
In  a  eaatle  about  20  aeters  above  the  rooftops  of  SUblgea  and  is 
exposed  to  weeterly  winds. 

Illustration  3  shows  the  following  period  during  which  the 
weather  at  Tttbingen  was  cool  with  light  winds  sad  ovaroast  skies. 

Ths  air  ossa  above  the  city  of  .^(fbingen  lost  much  of  its  ozone 
and  there  was  little  covenant  of  fresh  air  into  the  area  froa 
greater  altitudes.  In  Aross  the  influences  of  the  ground  are  ouch 
less  and  are  effective  only  when  air  is  transported  over  the  city 
end  the  monitoring  station  'froa  tho  valley,  such  as  on  3  May  1990. 

ZUustratlen  4  shows  a  similar  transition  period  froa  west 
winds  to  stagnated  oonditioas  at  TUblngea.  The  weak  theraio  cur¬ 
rants  in  the  fall  aeaaea  are  act  euffielent  to  provide  a  full 
connection  with  the  higher  layers  which  are  net  influenced  by 
the  earth'o  surface. 

In  Illustration  6  we  tee  the  cane  thing  again*  The  nightly 
increases  on  19  sad  20  July  in  Staufen  and  Ttibiagen  are  oauned  by 
turbulence  in  connection  with  e tores. 

Illustration  ?  shews  that,  given  overcast  skies  and  no  wind 
in  Ttfbingea  during  the  winter  season,  there  in  coat  times  so  trace 
at  all  of  the  cocao  which  was  already  slight  in  Areas.  The  heated 
geses  of  the  city  isreztc  a  visible  snag  overhead  during  soak  weather 
and  rapidly  destroy  the  eeeae. 


•  2 


Finally*  Illustration  8  dapdLeta  an  unusual  oaaa  wherein 
Aroaa  haa  leas  oaone  than  TUblngea  or  Baldeaweger  Sot  noar  Freiburg 
in  Breiagau.  Hara,  on  1?  January  1951  under  a  pronounoad  inversion 
(at  2000  mefeera),  a  new  mass  of  onone-rich  air  aoved  in,  while 
Aroaa  and  fit  filaaian  vara  a  till  nndar  tha  old,  oaone -poor  air  aaaa* 

These  findings  olaarly  oonfira  tha  theory  that  osona  is 
.rapidly  daatroyed  on  tha  surfaca  of  the  earth  (1),  (2)  and  daaon- 
strata  onea  sore  (3)i  (5)  that  osona,  as  a  more  or  lass  reliable  ' 
component  of  an  air  aaaa,  can  girt  important  netoorological  eon*  . 
elusions*  However,  aeasuroaents  should  not  ha  made  In  oities  on 
at  ground  level*  hut  in  tha  free  atmosphere.  The  measurmenta 
whloh  we  made  some  time  ago  from  'aircraft  yielded  important  basic  'v 
data  deapita  their  email  number  (4)  ,  (5). 

The  method  of  measurement  whloh  we  developed  haa  already 
been  publioimad  (6).  Za  the  two  years  sinoe  this  publishing* 
further  nlmplifleatioae  have  been  achieved*,  the  mantles  of  which  " 
would  seem  to  be  appropriate  at  this  time. 

'*  i  . 

Like  many  other  authors*  ve  need  the  oxydatlon  of  potassium 
iodide  by  osona  In  neutral  solution 

Oj  ♦  2KJ+ H20*^02  ♦  2I0H+ Jj  . 

Air  la  drawn  through  3  on5  of  m  3%  KJ-molutioa  In  email  bubbles. 

Also  added  to  tho  solution  is  NagBgOi  whloh  roaet#  immediately  with' 
.the  iodine  resulting  from  the  oxydatlon i 

2  ♦  J2-a  2XaJ  ♦  Ifa^Og  .  ' 

V 

The  oxydmtion  of  KJ  through  osona  oauses  s  loss  of  sediun  thio¬ 
sulphate.  This  we  then  measure.  and  thus  are  able  to  determine  the 
amount  of  oaone  which  was  drawn  in.  This  detour  via  the  aodiua 
thiosulphate  is  necessary  because  frue  iodine  Jg  is  removed  from 
the  solution  by  the  air  strata.1  Sodium  thiosulphate  deem  not 
suffer. this  less. 

Illustration  9  shews  the  reaction  vessel  developed  for 
purpose.  From  a  reservoir  of  £•  KJ  solution  with  a  sodium  thiosul¬ 
phate  additive  (approximately  1  oo  n/100  to  750  oo  KJ  solution)* 
exeetly  3  ce  are  placed  into  the  glass  reoeptaele  (4)  with  a  pipette 
and  the  reeeptaole  affixed  to  the  glass  body  (2)  with  a  glue  joint. 
How  if  air  is  withdrawn  at  (3)*  the  air  to  be  examined  is  drevr- 
in  at  I,  flows  downward  inside  (2)  and  is  finely  dispersed  into 
the  solution  through  the  glass  frit.  The  vessel  (2>  is  so  construct 
ed  tha*i,  even  at  s  pusping  rate  of  2  liters  per  minute,  none  of 
the  seluUmn  is  splashed  sate  (3)  and  all  sf  the  esone  eoaea  to 
roaetlea.  This  was  cheeked  with  reaction  vessels  eaaueeted  is 
senes. ,  Baaetlmm  starts  te  become  iaoomplete  below  3*0.  In  the 
wlatar  a  eases,  therefore,  .the  air  la  drawn  in  through  a  glass 


tub*  oua  ceter  in  length  and  surrounded  by  at  heating  coil  with 
20  watts  and  an  insulation  layer. 

After  the  conviction  of  reaction,  the  solution  is  next 
foroed  sack  into  the  lowered  receptacle  (4)  by  blowing  Into  (5). 
The  remaining  solution  is  flushed  into  the  receptacle  by  spurting 
shout  3  eo.  hi  distilled  water  in  at  (3) . 

Wow  the  sodium  thiosulphate  content  of  the  solution ' must 
be  determined  and  compared  with  that  of  3  oe  of  the  reservoir 
solution.  She  difference  ie  the  equivalent  of  the  iodise  formed 
in  the  solution  through  the  onone  which  wee  drown  in* 

If  this  difference  is  Cy  iodine  equivalent  and  if  V  liters 
of  sir  were  drawn  through  the  eolution,  then  the  onone  content  of 
the  air  ie 

J  [y  iodine]  •  1000  [liter/a5]  .  „[yO-T 

S  ’  -;w. 

She  most  signifioant  advance  has  been  node  by  developing  an 
iodine  aetor  with  wihloh  iodine  in  XJ -solution,  as  wall  as  sodium 
thiosulphate  in  X7-aolutloa,  een  he  measured  with  vary  great  ao- 
ouraoy  and  aensitivity.  Shim  shall  be  deeozibed  here  briefly  (?)• 


Zf  two  platinum  electrodes  are  immersed  in  a  potassium 
iodide  eolation  sad  a  potential  which  is  lass  than  the  decomposi¬ 
tion  voltage  le  applied,  so-called  reversible  iodine  electrodes 
with  a  polarisation  voltage  equal  to  the  applied  potential  are 
formed.  Current  drops  to  0.  But  if  froe  iodise  (practically  as 
Jj)  is  present  in  the  solution,  we  obtains  a  current  which,  with 
very  rapid  movement  of  the  solution  against  the  elsstrodas,  is 
proportional  to  the  concentration  of  the  free  iodine  in  an  exten¬ 
sive  (six  orders  of  magnitude)  area.  The  solution  ie  not  ehenged 
through  this  measuring  process.'  la  our  working  nodal,  a  gramme - 
phone  motor  with  an  rpm  control  turns  a  holder  into  which  the  glass 
receptacles  oan  bo  placed  after  being  renewed  from  the  reaction 
vessel.  We  immerse  "the  elect  rod  ee  in  the  revolving  glass  nesr 
the  saving  sides  sod  apply  a  voltage  of  O.lB  volt,  first  thsre 
rssults  a  polarisation  current  which  quickly  drop*  to  a  very  snail 
value,  however,  if  excess  sodium  thiosulphate  is  present  in  the 
solution.  ' 


If  iodine  is  now  added,  nothing  changes  until  all  the  sod¬ 
ium  thiosulphate  is  consumed,  which  of  eourae  the  added  iodise 
immediately  transforms  into  sodium  totrmthioaate..  The  amount  of 
iodine  wtioh  is  added  above  .the  original  am  cent  of  sodium  thio¬ 
sulphate  equivalent  creates  am  increase  la  the  Iodine  eoaseatrm- 
tiom  proportional  to  tho  excess  :  amount  and  we  obtain  a  current 


which  Is  also  proportionsi  thereto. 

Free  iodine  1«  aot  added  chemically,  but  rather  we  product 
It  through  electrolysis  with  &  second  pair  of  electrodes* 

The  wiring  of  the  arrangement  is  shown  in  Illustration  10*  . 
The  electronic  current  sen  be  read  at  instruaent  J  and  adjusted 
with  the  resistors*  According  to  Faraday's  law,  1  $  of  iodine  . 
is  precipitated  la  20  seconds  at  38  JlA. 

Illustration  11  shows  the  measurement  current  over  elec¬ 
trodes  1  and  2  as  a  function  of  the  tiae  after  connection  for 
various  eleetrolytlo  our  rents,  but.  always  with  the  seas  quantity  . .. 
of  reserve  solution  and  therefore  with  the  seas  sodium  thiosulphate  .1*. 
content.  It  is  assn  that  the  current  la  initially  not  strong, 
but  than  becomes  decidedly  linear  so  that  tha  point  of  intersection 
of  these  rising  lines  nith  isro  ourrsnt  is  very  wall  defined. 

This,' in  addition  to  increased  sensitivity,  is  the  important  •*.- 
vantage  over  titration  with  color  change*  The  shaded  breaking  1 
point  of  the  curves  are  caused  by  the  fact  that,  in  practice,  the  . 
solution  oaanot  be  ideally  mixed  at  ell  times.  The  iodine  is 
produosd  at  the  anode  sad  oust  first  be  mixed  with  the  solmtiom* 

The  smeller  the  electrolytic  current,  the  sharper  la  the  break¬ 
ing  point,  but  the  longer  the  measurement. 

Computation  of  tho  various  bases  yields  the  same  quantity 
of  iodins  oaoh  time.  Pictured  hors  are  calibrated  measurements 
of  a  particular  dtvlee  which  warn  designed  for  rapid  measurement  ! 
with  mn  accuracy  of  1/10  f  lodlab.  It  could  also  be  sat  up  for 
an  acovurmoy  of  l/lOOO  y  iodine.  (Hotel  tha  excessive  numbers  of 
instruments  and  the  amount  of  time  for  a  measurement  would  be 
suoh  greater  them,  however). 

Diluting  the  oelution  with  water  or  a  different  temper  up 
ture  or  a  slower  stirring  or  an  ammeter  0  at  lm  Illustration  10 
with  different  standard  constants  have  the  offset  only  of  ->»»»f*rg 
the  steepness  of  the  rising  lines  in  the  orrrent-tine  diagram. 

The  base  whioh  determines  the  roault  is  aot  influenced  by  these 
changes,  however.  This  provides  a  great  aiaplifieatiom  of  tho 
aoosureaeat*  Ieoh  individual  measurement  is  completed  in  3  ts  V 
minutes  sad  can  bo  documented  automatically  by  a  registering 
instruaent.  Flushing  the  eleotrodsa  and  *-*4-g  tha  readings  re¬ 
quires  leas  than  half  a  si  ante  if  the  eleetrolytlo  current  was 
ao  selected  that  a  slapla  auatrieal  ratio  sxlata  betwsaa  tha  basis 
unit  of  tho  tlms'seale  sad  the  quantity  sought* 

The  sensitivity  of  tho  iodise  meter  aakee  it  possible 
to  carry  out  the  osoae  meaauremeat  with  lass  than  1  liter  of  air. 

Tha  air  to  bo  tooted  la  drown  lm  with  n  membrane  pump  which  shuts 
off  automatically  after  a  met  number  sf  revulmtlema.  Za  addition, 
a  aewar  modal  motivates,  ot  tho  honest  it  ahmto  off,  a  valve  ribleh 


p 


•witch**  ths  pusp  to  •  second  washing  tab*,  it  th*  present  tine 
we  ere  using  12  washing  tabes  eeoh  in  Weifiennu  end  TUblngen. 

A  tiaer  starts  a  aeasareaent  every  two  hours,  each  lasting  5 
ainates • 


Thus  th*  twelve  aolationa  need  be  replaced  and  evaluated 
only  once  each  day.  This  con  be  easily  accoaplished  by  one  person 
In  one  hour.  If  the  solutions  are  protected  from  light,  no  error 
is  incurred,  all  the  nor*  so  because  an  additional  reeeptaele  is 
kept  with  the  washing  tubes  with  the  sane  solution  which  then  servos 
as  the  control  elenent  during  evaluation. 

The  elimination  of  standard  solutions  is  of  great  advantage 
In  practice.  The  reliability  of  th*  measuring  procsss  results  from 
the  fnst  that  if  there  is  as  oseno  present  the  veins  0  is-  imdloatsd 
and'  the  faot  that  multiple  sensor  onsets  serried  out  at  the  same  time 
and  plaoe  will  yield  results  varying  at  moat  by  3K.  This  dispersive 
is  aalaly  due  to  errors  in  puaplng  on  exact  volume  of  sir.  In  . 
practice,  the  greatest  uncertainty  is  in  the  conversion  of  tho 
pumped  volume  to  air  voluat,  especially  if  the  sir  nuat  be  pre- 
.  heated.  In  view  of  tha  fluetuhtions  of  ones*  cost eat,  those  snail 
instrumental  errors  are  of  no  importance. 

In  our  area,  disturbance#  are  caused  only  when  aaoks  or 
industrial  gsass  eantsmisate  th*  seal: taring  sits.  The  solution 
must  then  be  buffered  A  so  n/l0(ltaglf0t  ♦  ld|POiJ/.  Hear  the 
ocean  an  influence  of  Olg  can  be  expected  which  nest  he  isolated 
by  special  measures.  The  buffer  dess  mot  offset  the  coons  measwie 
■sat  of  the  destroys  la  of  the  Ascordisg  to  sur  lsborstory 
experiments,  sitrls  oxides  do  sot  oxidise  the  neutral  EJ.  Under 
natural  conditions,  vs  were  not  able  to  find  then  in  aeasurahla 
araantitios. 

Tor  very  exact  absolute  scosureststs  of  oseno  values,  there 
are  additional  reaction  possibilities  between  KJ  and  Oj  whiah 
should  be  oeaeldered.  ttudiss  ore  is  progress  on  this  subjsst. 
Their  influence  scene  to  bo  Mil.  on  aoutrol  solutions,  bsoovsr.  ' 
Our  nsthsd  has  tbs  advantage  that  vary  little  of  the  oddsd  goes- 
tlty  of  XJ  is  oousunsd  is  tho  reeeties  sad  the  hyde  eg  cades  #ser> 
oeutrutlss  (pi)  renslas  prostlsolly  sees  test. 

3*  jbmez 

the  local  casus  osnsentrutisa  of  otsosphorlc  air  was  noasurud 
regularly  ever  nlmg  purled  ef  time  at  several  statisus  with  an 
easily  operated  ehanlasl  nee  muring  pro*  ess.  Ms*  typical  examples 
are  shewn,  fren  which  the  destruction  of  ossoe  is  the  ground  layer 
sad  the  deadsstlsg  iufluense  of  air  — with  higher  layers 
oss  be  miserly  reosguised.  (he  nsthsd  of  asasvaaerft  la  briefly 
described.  •  P' 

.  f  ml 
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